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Directional coronary atherectomy, a new transluminal procedure 
for treatment of obstructive lesions in coronary arteries by 
excision and removal of tissue, was performed on 447 lesions in 
382 procedures. Successful outcome, defined as a reduction of 
stenosis by ~20% with a <50% residual stenosis, was achieved in 
89.5% of lesions and mean stenosis was reduced from 75.9 ± 
13.3% to 14.5 ± 22.1 % (p < 0.001). Complications included 
vessel occlusion during the procedure, 2.4%; vessel occlusion after 
the procedure, 1.3%; new lesion, 0.5%; nonobstructive guiding 
catheter-induced dissection, 0.3%; perforation, 0.8%; distal em-
bolization, 2.1 %; Q wave myocardial infarction, 0.8 % and non-Q 
wave myocardial infarction, 4.2 %. Twelve patients (3.1 %) re-
quired coronary artery bypass surgery for these complications. 
The atherectomy success rate was >80% and the combined 
Primary failure and acute occlusion remain significant limi-
tations of percutaneous transluminal coronary angioplasty 
despite marked improvement in safety and efficacy over the 
last decade (1-3). These limitations are more prominent 
when lesions have a complex morphologic appearance. The 
success rate in complex lesions is lower than that in lesions 
with ideal morphology and is associated with a higher 
incidence of acute occlusion and serious complications (4-
6). It is unlikely that these limitations will be overcome 
despite improved technique or equipment as long as the 
same concepts of balloon dilation are applied. 
Directional coronary atherectomy was developed to over-
come some of the limitations of coronary angioplasty by 
excision of the pathologic tissue from the obstructive lesion 
rather than simple dilation of the vessel (7,8). It is hypothe-
sized that atherectomy, while removing atheromatous tis-
sue, creates a smooth and wide lumen without causing 
significant dissection, thus reducing the incidence of acute 
occlusion. This procedure may be more effective and safer 
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atherectomy and angioplasty success rate was >90% for complex 
morphologic features such as eccentric lesions, lengthy lesions, 
lesions with abnormal contour, angulated lesions, ostial lesions 
and lesions with branch involvement. In the presence of calcific 
deposition, atherectomy success rate was 52% for primary lesions 
and 83% for restenosed lesions. Among angiographically complex 
lesions, calcium was the predictor for failed atherectomy (p < 
0.0001). 
In summary, directional coronary atherectomy is safe and 
effective for treatment of obstructive lesions in coronary arteries 
in selected cases. In particular, it achieves a high success rate in 
lesions with complex morphologic characteristics, such as eccen-
tricity, abnormal contour and ostial involvement. 
(J Am Coll CardioI1991;17:1112-20) 
for treatment of certain complex lesions. The purpose of this 
study is to evaluate the safety and efficacy of directional 
coronary atherectomy for treatment of obstructive lesions 
and to evaluate the effects of the lesion complexity on its 
outcome. 
Methods 
The protocol for use of the coronary atherectomy cathe-
ter was reviewed and approved by the Institutional Review 
Board at Sequoia Hospital. Each patient was informed about 
the nature of the procedure and gave written consent. 
Patient selection. Patients with symptomatic coronary 
artery disease and angiographic evidence of significant ob-
struction (>50%) were candidates for the coronary atherec-
tomy procedure. Generally, lesions in proximal to middle 
segments of relatively non tortuous vessels approximately 
2.5 mm in diameter were assessed for atherectomy. Exclu-
sion criteria included 1) distal lesions (distal half of the left 
anterior descending artery or circumflex artery, distal to the 
origin of the posterior descending artery or distal to the distal 
anastomosis of a saphenous vein graft); 2) diffusely diseased 
vessels; 3) lesions> 20 to 30 mm long; 4) total occlusions 
unless successfully recanalized by angioplasty; 5) significant 
angulation (>45°) at the lesion; 6) severe tortuosity proximal 
to or immediately distal to the lesion; 7) severe, diffuse 
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calcific deposits visible on cineangiograms in a target vessel; 
8) severe calcification of the lesion on the cineangiogram; 9) 
a lesion in the circumflex artery with a steeply angulated 
takeoff from the left main artery; and 10) significant periph-
eral vascular disease precluding the use of an 11F arterial 
sheath. In addition, lesions in which angioplasty had failed 
within 1 week before atherectomy were excluded from this 
analysis. 
Between April 1988 and January 1990, 382 elective 
atherectomy procedures for 447 lesions were performed in 
339 patients. 
Coronary atherectomy procedure. The directional 
atherectomy catheter (Simpson Coronary Atherocath, De-
vices for Vascular Intervention) and the coronary atherec-
tomy procedure have been described in detail elsewhere (9). 
In brief, the directional coronary atherectomy catheter con-
sists of a distal nosecone, a housing unit with an open 
window, a cup-shaped cutter and a supporting balloon 
attached to the side of the housing unit. This operates over 
an 0.014 in. (0.36 cm) movable guide wire through a specially 
designed 11 F atherectomy guiding catheter (Devices for 
Vascular Intervention). 
An 11F arterial sheath was inserted percutaneously into 
the femoral artery and the guiding catheter was advanced to 
a coronary ostium. A 0.014 in. Hi Torque® floppy guide wire 
(Advanced Cardiovascular Systems) was then advanced 
through the lesion and the coronary atherectomy catheter 
was advanced over the guide wire and across the lesion. 
After the atherectomy catheter was appropriately posi-
tioned, multiple cuts were performed with the supporting 
balloon inflated to low pressure (approximately 20 psi). 
When significant residual stenosis remained after initial 
coronary atherectomy, further atherectomy was performed 
with either higher balloon inflation pressures (20 to 40 psi) or 
a larger atherectomy catheter, if appropriate. Some lesions 
were dilated using a 2.0 mm regular angioplasty balloon 
before the atherectomy procedure; 5F, 6F and 7F catheters 
were available. 
Patients were pretreated with aspirin, 80 to 325 mg once 
a day, dipyridamole, 75 mg three times a day, and a calcium 
channel blocker, all given orally. Intravenous heparin, 
10,000 U, was administered at the beginning of the proce-
dure, followed by a bolus injection of 3,000 U of heparin 
hourly during the procedure. The arterial sheath was with-
drawn when the heparin effect wore off. Patients were 
maintained on therapy with aspirin, dipyridamole and a 
calcium channel blocker after the procedure. 
Data collection. Clinical information was obtained pro-
spectively by the physician or research assistant. Clinical 
and angiographic information was audited and stored in a 
computerized data bank (Medlog System, Advanced Infor-
mation Analysis Corporation). 
Coronary cineangiographic analysis. Coronary angiogra-
phy was performed before the atherectomy procedure in 
mUltiple projections and the two best orthogonal projections 
were selected. After atherectomy, angiography was repeated 
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in the same orthogonal views. The view with the most 
significant stenosis was used to measure pre- and post-
atherectomy stenoses. The stenotic lesion was quantitatively 
measured using electronic calipers. Lesion lengths were 
measured in the view where the lesions appeared to be 
longest. In general, the right anterior oblique view was used 
for the left anterior descending artery, left anterior oblique 
view for the right coronary artery and right or left anterior 
oblique view for either the saphenous vein graft or the 
circumflex artery. The length of lesions with at least 30% 
stenosis were measured and expressed in absolute length. 
Cineangiograms were reviewed for the following angio-
graphic complex morphologic characteristics: eccentricity, 
presence of calcification, ostial involvement, contour of the 
lesion, angulation at the lesion, tortuosity of the vessel, 
branch involvement, thrombus and grade of anterograde 
flow, as defined by the Thrombolysis in Myocardial Infarc-
tion (TIMI) trial. 
The following definitions of angiographic appearances 
were used. 
Eccentricity: a stenosis with asymmetry in any angio-
graphic projection. 
Lengthy lesion: lesion length 2: 10 mm. 
Calcification: radiopaque density at the lesion or in the 
target vessel on the cineangiogram. 
Ostial involvement: a stenosis that involves the ostium of 
the left main artery, right coronary artery or saphenous vein 
(aorta-ostial stenosis) or left anterior descending artery or 
diagonal artery (non-aorta ostial stenosis). 
Abnormal contour: 1) a lesion with the appearance of a 
dissection with or without staining of contrast, 2) a lesion 
with ulceration defined as a crater with contrast in a stenotic 
lesion, and 3) a flap-like lesion defined as a membrane-like 
stenosis. 
Angulation at the lesion: a lesion located at a bend of 
2:300 in a projection without significant foreshortening. 
Tortuosity: excessive curvature of a vessel proximal to or 
immediately distal to a lesion. 
Bifurcation lesion: involvement of moderate to large-
sized branches that contain >50% stenosis at their origin. 
Thrombus: a discrete nonlinear filling defect. 
TIMI flow: defined using TIMI study anterograde flow 
grade. TIMI grade 0 or I was considered to represent total 
occlusion. 
"Simple" lesion: absence of these defined variables. 
"Complex" lesion: presence of any of these variables. 
Postprocedure cineangiograms were also reviewed for the 
presence of dissections. A major dissection was defined as a 
dissection with staining of the vessel wall by contrast, a 
minor dissection as one without any staining and intimal flap 
as an intraluminal linear defect. 
Data analysis. Lesion atherectomy success was defined 
as 1) reduction of the stenosis by 2:20% with <50% residual 
stenosis; 2) >50% improvement by atherectomy when ad-
junctive angioplasty was used; and 3) absence of complica-
tions, including acute occlusion, late in-hospital occlusion, 
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Table 1. Clinical Characteristics of 382 Patients 
Age (yr) 59.1 :t 11.5 (range 18-83) 
Male gender 84.8% 
Unstable angina 37.3% 
NYHA functional 
class 
I 10.5% 
II 31.2% 
III 28.0% 
IV 30.3% 
No. of vessels 
diseased 
I 51.5% 
2 2203% 
26.2% 
Previous MI 3703% 
MI = myocardial infarction; NYHA: New York Heart Association. 
perforation, Q wave myocardial infarction or requirement of 
a secondary intervention (coronary artery bypass grafting, 
angioplasty) for a complication. Procedure success was 
defined as successful outcome of all attempted lesions, as 
defined previously. When balloon angioplasty was per-
formed after a failed atherectomy attempt, angioplasty was 
considered successful if the final residual stenosis was <50% 
without complications. Overall combined atherectomy and 
Table 2. Characteristics of 447 Coronary Lesions 
Vessel 
Left main artery 
Left anterior descending artery 
Right coronary artery 
Left circumflex artery 
Saphenous vein graft 
Location 
Aorta ostial 
Non-aorta ostial 
Proximal 
Middle 
Distal 
Previous intervention 
None 
DCA 
PTCA 
Angiographic characteristics (%) 
Lesion length (mm) 
Discrete lesion « 10) 
Tubular lesion (10-20) 
Long lesion (>20) 
Eccentric 
Abnormal contour 
Calcified 
Diffusely diseased 
Angulated 
Tortuous 
Thrombus 
Total occlusion 
(%) 
4.5 
48.7 
23.0 
3.4 
20.4 
4.7 
7.4 
54.5 
27.1 
603 
40.7 
11.4 
57.7 
76.2 
18.9 
4.9 
42.1 
12.1 
15.7 
13.4 
1203 
4.0 
2.0 
2.2 
DCA = directional coronary atherectomy; PTCA = percutaneous trans-
luminal coronary angioplasty. 
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Table 3. Complications in 382 Atherectomy Procedures 
Definitive Secondary 
Intervention 
Frequency CABG PTCA DCA 
In-hospital death 1 (OJ) 
Vessel occlusion during 9 (2.4) 
procedure 
At atherectomy site 6 (1.6) 5 
Guide induced 1 (OJ) 
Distal site 2 (0.5) 
Vessel occlusion after 5 (103) 
procedure 
Failed initial DCA 1 (OJ) 
Successful initial 4 (1.0) 
DCA 
Total occlusion at 2 (0.5) 
site 
Subtotal occlusion 1 (OJ) 
at site 
Distal to 1 (OJ) 
atherectomy site 
New significant lesion 2 (0.5) 
Guide wire dissection 1 (OJ) 
(nonocclusive) 
Perforation 3 (0.8) 
Pseudoaneurysm 2 (0.5) 2 
Arteriovenous fistula 1 (OJ) 
Distal embolism 8 (2.1) 
Myocardial infarction 19 (5.0) 
Q wave 3 (0.8) 
Non Q wave 16 (4.2) 
Side branch loss 10 (2.6) 7 
Coronary spasm 6 (1.6) 
Groin complication 6 (1.6) 
Repair 4 (1.1) 
Embolectomy 1 (OJ) 
Large hematoma 1 (OJ) 
Stroke 3 (0.8) 
Total 12 (3.1) 8 (2.1) 5 (103) 
Numbers in parentheses indicate percent. CABG = coronary artery 
bypass graft surgery; other abbreviations as in Table 2. 
angioplasty success was defined as the combined atherec-
tomy success and balloon angioplasty success for failed 
atherectomy attempt. Non-Q wave infarction was defined as 
an elevation of serum creatine kinase greater than twice the 
normal value without new Q waves; and Q wave myocardial 
infarction was defined as development of new abnormal Q 
waves, as determined by the Minnesota code. Major com-
plications were defined as in-hospital death, Q wave infarc-
tion or a coronary event requiring coronary artery bypass 
graft surgery. 
Statistics. The relations between each lesion's character-
istics and outcome were analyzed using chi-square analysis. 
In addition, cumulative effect of lesion characteristics and 
outcome was analyzed. A p value < 0.05 was considered 
significant. Continuous values were expressed as mean ± 
SD. 
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Table 4. Lesion Characteristics and Outcome of Atherectomy of 437 Lesions 
No. of Lesions DCA Success DCA + PTCA Success Major Complications 
Lesion Characteristics Overall Primary RS Overall Primary RS Overall Primary RS Overall Primary RS 
Simple noncomplex 105 28 77 97%} * %%} 97% 98% 100% 97% O%} 0% 0% Complex 342 153 189 87% 82% t 92% 93% 92% 94% 3.8% t 4.6% 3.2% 
Eccentric 188 97 91 87% 81% 92% 93% 91% 95% 3.2% 4.1% 2.2% 
Lesion> 10 mm 97 32 65 88% 75% 94% 92% 84% 95% 6.3% 12.5% 3.1% 
Calcification 70 29 41 70% 52% 83% 87% 83% 90% 5.7% 6.9% 4.9% 
Abnormal contour 54 31 23 93% 94% 91% 94% 97% 91% 5.6% 3.2% 8.7% 
Angulation 55 20 35 86% 85% 86% 91% 90% 91% 3.6% 5.0% 2.9% 
Ostial 54 28 26 89% 89% 89% 94% 100% 89% 3.7% 0% 7.7% 
Branch involvement 22 9 I3 82% (56%) (100%) 91% (78%) (100%) 4.5% (11.1%) (0%) 
Tortuosity 18 8 10 (78%) (75%) (80%) (83%) (88%) (80%) (11.0%) (12.5%) (10.0%) 
Total occlusion 10 2 8 (90%) (100%) (88%) (90%) (100%) (88%) (0%) (0%) (0%) 
Thrombus 9 6 (89%) (100%) (67%) (89%) (100%) (67%) (11.1%) (0%) (33.3%) 
Total 447 181 266 90% 84% 93% 94% 93% 95% 2.9% 3.9% 2.3% 
*p = 0.006; to.5 < p < 0.1. Percentages in parentheses indicate that fewer than 20 lesions were treated. RS = restenosed lesion; other abbreviations as in 
Table 2. 
Results 
Patient and lesion characteristics (Tables 1 and 2). Thirty-
seven percent of the 382 patients had unstable angina, 
defined as progressive chest pain, rest pain or prolonged 
chest pain, and 37% had a history of myocardial infarction. 
Sixty percent of the 447 lesions had been previously treated 
by either balloon angioplasty or directional coronary 
atherectomy and 38% were treated by angioplasty at least 
twice before atherectomy. 
Procedure outcome. The coronary atherectomy catheter 
was successfully placed in 94.5% of the 447 lesions. A mean 
of 10.4 ± 5.5 tissue specimens weighing 18.5 ± 13.4 mg were 
obtained. The outcome was successful in 87.7% of the 382 
attempted procedures and 89.5% of lesions. An additional 
5% of the lesions were successfully treated by balloon 
angioplasty when atherectomy failed. Thus, atherectomy or 
angioplasty was successful in 94.4% of lesions. Atherectomy 
success rates for each vessel were left main artery, 75%; left 
anterior descending artery, 92.6%; right coronary artery, 
83.5%; left circumflex artery, 93.3%; and saphenous vein 
graft, 91.4% (p = 0.02). The success rates by location were 
ostial, 89.5%; proximal, 89.6%; and mid-distal, 89.3% (p = 
0.9). Among ostial lesions, the success rate for non-aorta 
ostial lesions (31 lesions in the left anterior descending artery 
and 2 in the diagonal artery) was 100% and that of aorta 
ostial lesions was 71% (p = 0.01). The mean coronary artery 
stenosis was reduced from 75.9 ± 13.3% to 14.5 ± 22.1% 
(p < 0.(01). A residual stenosis of <20% was achieved in 
79% of the lesions. Dissection was observed in 12.8% of the 
lesions after the procedure: major in 2%, minor in 5.5% and 
initial flap in 5.3%. 
Complications of the procedure (Table 3). Major compli-
cations, as defined earlier, occurred with 13 procedures 
(3.4%). In nine patients (2.4%), the vessel occluded during 
the procedure: in six at the site of attempted atherectomy, in 
two at a distal site and in one patient at the coronary artery 
ostium (caused by the guiding catheter). In five patients 
(1.3%), the vessel occluded after the procedure; in one 
patient after balloon angioplasty for failed initial atherec-
tomy and in four patients after initially successful atherec-
tomy. Of the four patients with initially successful atherec-
tomy, occlusion at the atherectomy site occurred in two, 
subtotal occlusion by thrombus at the atherectomy site of a 
saphenous vein graft in one patient and total occlusion distal 
Table 5. Frequency of Complex Lesion Characteristics in Successfully or Unsuccessfully 
Treated Lesions 
Overall Primary Lesions Restenosed Lesions 
Success Failure Success Failure Success Failure 
(n = 4(0) (n = 47) (n = 152) (n = 29) (n = 248) (n = 18) 
Eccentricity 41% 53% 52% 62% 34% 39% 
Lesion ~ 10 mm 23% 31% 17% 33% 27% 27% 
Calcification 12% * 45% 10% * 48% 14% t 39% Abnormal contour 13% 9% 19% 7% 9% 11% 
Angulated lesion 12% 17% 11% 10% 12% 28% 
Ostial involvement 12% 13% 16% 10% 9% 17% 
*p = 0.09; tp = 0.01; *p < 0.0001. 
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to the atherectomy site in one patient, probably due to 
nosecone injury. Guiding catheter-induced dissection oc-
curred in two patients, causing total occlusion of the right 
coronary artery in one patient, as described previously, and 
subtotal occlusion of this artery in the other. Perforations 
manifested as a pseudoaneurysm in two patients and an 
arteriovenous fistula in one patient were observed; however, 
none of them caused hemopericardium or tamponade. In 
eight patients distal embolism manifested as distal vessel 
cutoff or slow distal runoff, all in saphenous vein grafts. 
Occlusive complications were successfully treated with 
repeat directional coronary atherectomy in four patients and 
with balloon angioplasty in one patient: however, coronary 
artery bypass surgery was required in eight patients. Four 
additional patients underwent coronary bypass surgery: two 
for perforation, one patient for a new significant left main 
lesion and one for a guide-induced right coronary ostial 
dissection. Thus, a total of 12 patients (3.1%) required 
coronary bypass graft surgery for complications. 
The success rate was significantly higher in restenosed 
lesions than in primary lesions (93.2% versus 84.0%, p = 
0.03). The overall combined success rate for either atherec-
tomy or angioplasty for failed atherectomy was similar in 
both groups (95.1% versus 93.5%, p = NS). The major 
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Figure 1. Cineangiograms of an ec-
centric lesion undergoing coronary 
atherectomy. a, Before atherectomy. 
Note the eccentric lesion (arrow) in 
the proximal segment of the left an-
terior descending artery. b, After 
atherectomy. Note the smooth angio-
graphic appearance at the atherec-
tomy site (arrow). 
complication rate was somewhat lower in restenosed le-
sions, but the difference was not statistically significant 
(2.3% versus 3.9%). 
Lesion characteristics and procedure outcome (Tables 4 
and 5), The atherectomy success rate for simple lesions was 
significantly higher than that for complex lesions (97% 
versus 87%, p = 0.006); the combined atherectomy and 
angioplasty success rate was similar, >90%. Although the 
complication rate was higher for complex lesions than for 
simple lesions, the difference was not significant (p = 0.09). 
Although atherectomy was highly successful in most of the 
lesions with complex characteristics, the success rate was 
<80% in those with calcium or vessel tortuosity. The 
atherectomy success rate was >80% for primary lesions that 
were eccentric, ostial, angulated or had an abnormal con-
tour. In contrast, the success rate for lesions with calcium 
was only 52%. The success rate was >80% in all types of 
restenosed lesions. Overall, the combined atherectomy and 
angioplasty success rate was >80% in all lesion characteris-
tics for both primary and restenosed lesions. Examples of 
cineangiograms are shown in Figures 1 to 4. 
The major complication rate was> 5% for lengthy lesions 
or lesions with calcium or abnormal contour. Among 
Figure 2. Cineangiogram of an ostial 
lesion undergoing coronary atherec-
tomy. a, Before atherectomy. Note 
the left anterior descending artery 
ostial lesion. b, After atherectomy. 
Note the smooth angiographic ap-
pearance without dissection at the 
atherectomy site. 
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Figure 3. Cineangiogram of a lesion 
with an ulceration undergoing coro-
nary atherectomy. a, Before atherec-
tomy. Note the eccentric ulceration 
in the proximal segment of the saphe-
nous vein graft (arrow). b, After 
atherectomy. Note no residual ulcer-
ation at the atherectomy site (arrow). 
primary lesions, the major complication rate for lengthy 
lesions was 12.5% and that for lesions with calcium was 
6.9%. Among restenosed lesions with an abnormal contour, 
the major complication rate was 8.7%, all occurring in 
lesions with dissection. The presence of calcific deposits was 
a significant predictor for failure for both primary and 
restenosed lesions. 
The atherectomy success rates were 97% for no complex 
lesion characteristic, 91% for one, 83% for two complex 
lesion characteristics and 84% for three or more. Combined 
atherectomy and balloon angioplasty success rates were 98% 
for no complex lesion characteristic, 95% for one, 93% for 
two characteristics and 88% for three or more; major com-
plication rates were 0% for no complex lesion characteristic, 
2% for one, 6% for two characteristics and 5% for three or 
more. Atherectomy success rate was 86% for eccentric 
Figure 4. Cineangiogram of a lesion with dissection undergo-
ing coronary atherectomy. A, Before atherectomy. Note 
significant dissection in the proximal segment of left anterior 
descending artery. B, After atherectomy. Note the smooth 
appearance without residual dissection at the atherectomy 
site. C, Excised tissue. 
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lengthy lesions (n = 36), 64% for eccentric calcific lesions 
(n = 33), 75% for long calcific lesions (n = 16) and 95% for 
eccentric lesions with abnormal contour (n = 37). 
The results of further analysis for primary lesions and 
restenosed lesions are summarized in Figure 5. For primary 
lesions, the success rate was high and the complication rate 
was low for lesions with no or one complex lesion charac-
teristic; however, the success rate was <80% with a rela-
tively high complication rate for lesions with two or more 
complex lesion characteristics. For restenosed lesions the 
success rate was high regardless of the number of complex 
lesion characteristics; however, the complication rate for 
lesions with three or more complex morphologic character-
istics was >5%. 
The additive effect of complex lesion characteristics on 
the outcome for noncalciflc lesions was further analyzed 
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Figure 5. Relation between the number of complex lesion charac-
teristics and outcome of directional coronary atherectomy (DCA). 
A, Primary lesions. B, Restenosed lesions. Solid bars indicate 
successful directional coronary atherectomy; dotted bars indicate 
combined directional coronary atherectomy and angioplasty (com-
bined atherectomy success and balloon angioplasty success for 
initially failed atherectomy procedure); hatched bars indicate a 
major complication. 
(Fig. 6). Regardless of the number of complex lesion char-
acteristics, the atherectomy success rate was >85% for 
primary lesions and >90% for restenosed lesions. The major 
complication rate, however, was higher for primary lesions 
with more than two complex lesion characteristics. 
Discussion 
Directional coronary atherectomy is a new percutaneous 
transluminal interventional technique for treating obstruc-
tive lesions by removing obstructive tissue. This study 
demonstrated the feasibility of this procedure, achieving a 
high success rate with low complication rates. 
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Figure 6. Relation between the number of complex lesion charac-
teristics and outcome for noncalcific lesions. A, Primary lesions. B, 
Restenosed lesion. Symbols as in Figure 5. 
Limitations of coronary balloon angioplasty. Despite de-
velopment of sophisticated equipment 00,11) and improve-
ment of operator experience 02,13), acute occlusion, limited 
success in lesions with certain complex morphology (2-6) 
and restenosis 04,15) remain major limitations of balloon 
angioplasty. Balloon dilation creates an uncontrolled split or 
dissection in the atherosclerotic plaque or even in the normal 
vessel wall (6). Some of these uncontrolled dissections 
cause abrupt occlusion during or after the procedure. In 
addition, many lesions are not effectively dilated by balloon 
angioplasty because of mechanical elastic recoil of the vessel 
wall. 
During the last decade we have learned to improve the 
outcome of balloon angioplasty by selecting appropriate 
candidates. Many angiographic features make a lesion less 
than ideal for angioplasty. Recently the American Heart 
Association and the American College of Cardiology Task 
Force Committee categorized lesion characteristics based on 
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the estimated success rate and relative risk of complications 
(6). Many of the lesions with complex morphologic features 
were considered to be less than ideal for angioplasty. Al-
though angioplasty is still frequently performed on these 
types of lesion, the outcome of angioplasty is suboptimal. In 
many cases angioplasty is not performed on lesions with 
complex angiographic morphology. Therefore, new technol-
ogy will be helpful to treat these complex lesions more 
effectively and safely. 
Directional coronary atherectomy. Our study indicates 
that directional coronary atherectomy is a safe and effective 
procedure in selected cases. The success rate was 90% and 
the risk of significant complications requiring coronary ar-
tery bypass surgery was 3.1 %. Current results appear to be 
comparable with those for angioplasty. 
One potential complication unique to directional coro-
nary atherectomy is perforation by excessive excision of 
tissue. Although the incidence of removing part of the 
adventitia is relatively high (30% per lesion and 2% of 
excised tissue specimens in the Mayo Clinic experience [17] 
and 12% of lesions with our experience), perforation is 
relatively rare and occurred in only three patients in our 
series. None of these patients had hemopericardium or 
tamponade; however, this complication must be avoided 
because of the potential disastrous outcome, if tamponade 
occurs. We have adjusted our approach by using extremely 
low balloon inflation pressures (5 to 15 psi) and avoiding the 
use of an oversized device. 
One of the potential advantages of atherectomy is the 
prevention of dissection by creating a smooth luminal sur-
face. Dissection was observed in 13% of the lesions but was 
usually an intimal flap or minor dissection rather than a 
major dissection. This low incidence of dissection was 
associated with a relatively low incidence of abrupt occlu-
sion after the procedure. In this series only four patients 
(1.0%) had abrupt coronary occlusion after initial successful 
atherectomy. Comparing angiographic appearances after 
atherectomy and angioplasty in matched lesions in selected 
cases, Rowe et al. (18) showed that the residual stenosis is 
less severe and the incidence of dissection is lower in lesions 
treated by atherectomy than in those treated by angioplasty. 
Complex lesion characteristics and outcome of atherec-
tomy. This study demonstrates that directional coronary 
atherectomy is effective and safe in the treatment of certain 
angiographically complex lesions that are somewhat less 
appropriate for angioplasty. Atherectomy is highly success-
ful in lesions that are eccentric and have abnormal contours 
and ostial involvement. Removal ofthe obstructive tissue by 
directional atherectomy may be the ideal treatment for 
extremely eccentric lesions or lesions with abnormal contour 
because it excises tissue directionally from the plaque and 
reduces trauma to the normal segment of the vessel wall. 
Removal of tissue may be a more effective therapy for 
ostial lesions because in many cases ineffective dilation of 
the ostium is probably due to elastic recoil. Left anterior 
descending artery ostial lesions were effectively treated 
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without any complications by directional coronary atherec-
tomy. Angioplasty at this location is considered to be a 
relatively high risk because of the hemodynamically signifi-
cant serious complications if abrupt occlusion occurs, as 
well as the risk of an ostial dissection propagating to the left 
main artery. 
Some lesion characteristics were associated with a lower 
success rate or a higher complication rate with directional 
coronary atherectomy. The success rate of lesions with 
calcific deposition was low; this tendency was particularly 
prominent for primary lesions. The calcific lesion is less 
often effectively excised because of occasional inability of 
the operator to cut calcified plaque. In addition, the device 
often fails to advance to or cross these lesions because of the 
noncompliant nature of the vessels. Although restenosed 
tubular lesions (lesion > 10 mm long) were effectively 
treated, the outcome of atherectomy for primary tubular 
lesions is suboptimal, with a relatively low success rate. This 
may be due to relatively ineffective excision of plaque from 
lengthy lesions due to the mismatch of window length and 
lesion length. The major complication rate of restenosed 
lesions with abnormal contour, particularly lesions with 
dissection, is relatively high. This may be due to significantly 
altered vessel wall structures by a previous angioplasty. 
Success rates are further improved with adjunctive use of 
balloon angioplasty for an initially failed atherectomy pro-
cedure. The combined atherectomy and angioplasty success 
rates for both primary and restenosed lesions were >90% in 
many lesions with complex characteristics. Among primary 
lesions, even in those that are lengthy or have calcific 
deposition, the success rate was >80%. These data suggest 
that the use of angioplasty for lesions in which atherectomy 
is inadequate is often effective and the combined use of 
atherectomy and angioplasty is extremely effective therapy 
for those lesions with complex morphologic features. 
Limitations of directional coronary atherectomy. Applica-
tion of the atherectomy procedure is limited by the rigid 
housing and relatively large profile of the device. Patients 
included in this study were selected for directional coronary 
atherectomy and many patients with a lesion with unfavor-
able characteristics were excluded because use of atherec-
tomy was considered inappropriate. A tortuous vessel, sig-
nificantly angulated lesion, extremely diffusely diseased 
vessel or diffusely diseased saphenous vein graft is consid-
ered to be a contraindication for directional atherectomy. 
Also, a very limited number of circumflex artery lesions 
were included because of unfavorable takeoff of the vessel 
from the left main artery for the current rigid housing model. 
Although directional coronary atherectomy effectively 
excises tissue, it is unlikely that all the angiographic im-
provement is due to removal of tissue. The likely mecha-
nisms in achieving improved angiographic appearance are a 
combination of excision of the tissue, balloon dilation effect 
and Dotter effect. It has been suggested that approximately 
one third of the atherosclerotic plaque is removed by 
atherectomy (19). 
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Limitations of this study. The number of lesions with 
certain complex morphologic features was small. The out-
come of atherectomy must be evaluated in more lesions with 
branch involvement, tortuosity, total occlusion or thrombus. 
This study is not designed to compare the efficacy of 
atherectomy and balloon angioplasty directly; thus, it cannot 
evaluate the differences in outcome between these two 
therapies. In addition, atherectomy procedures are per-
formed in selected cases and that may make comparison of 
the two procedures even more difficult. 
This study also does not address the long-term efficacy of 
atherectomy. Restenosis is a major limitation of angioplasty; 
restenosis after directional coronary atherectomy also must 
be carefully evaluated. Some studies are in progress. 
The technology of atherectomy is an evolving technol-
ogy. Operator experience will improve with time and sophis-
ticated equipment will become available in the future; there-
fore, current success rates or complication rates may 
change. In addition, some of the lesions that are currently 
not amenable to atherectomy may be appropriate with 
improved devices. 
Conclusions. Directional coronary atherectomy is effec-
tive and safe for treatment of obstructive coronary artery 
disease. The procedure has a high success rate even among 
lesions that are eccentric, have ostial involvement or have an 
abnormal contour. In contrast, in lesions with calcific depos-
its and in lengthy lesions the success rate was lower or the 
complication rate was higher. Further studies are necessary, 
particularly comparisons with balloon angioplasty, to evalu-
ate the role of this new procedure for treatment of obstruc-
tive coronary artery disease. 
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